Bovine tuberculosis is a zoonosis with worldwide distribution. Its control has a direct impact on public health and livestock production. This study estimated the prevalence of infected herds and adult bovines and evaluated risk factors associated with the presence of tuberculosis within herds in the state of Paraná. The state was divided in seven livestock regions and independent sampling was performed. A total of 1,419 farms were sampled and 16,045 animals were tested using the intradermal comparative cervical tuberculin diagnostic test. The apparent and estimated prevalence rates in farms and adult bovine animals were 2.15% (95% CI: 1.31-3.00) and 0.42% (95% CI: 0.04-0.81), respectively. It was not possible to state with 95% confidence that the disease prevalence in any region was significantly different from that in other regions. There were no positive animals in the western region, and the prevalence of positive herds and animals in the other regions ranged from 1.03% to 3.89% and 0.17% to 1.08%, respectively. The logistic regression model identified larger herd size (OR = 2.4) and mechanical milking (OR = 5.18) as risk factors associated with the presence of bovine tuberculosis. The combination of low prevalence with risk factors associated to larger herds and more intensive dairy farming, renders the state of Paraná a good candidate for the implementation of industry-based free-herd accreditation schemes and makes a case for planning risk-based surveillance targeted at major dairy basins. Key words: Mycobacterium bovis. Paraná. Prevalence. Risk factors.
Introduction
The state of Paraná is located in the South of Brazil and has a geographical area of 199,282 km 2 , which corresponds to 2.3% of the national territory. It is subdivided into 399 municipalities and is in a transitional area in terms of its physical and natural characteristics, with different climates and soils, geographical features, geology and vegetation coverage. These factors are reflected in the diversity of livestock production systems. In regions closer to the Tropic of Capricorn (north-west and northcentral), a tropical climate predominates, sustaining beef cattle production based on zebu and crossbreeds. Temperate regions cover about two-thirds of the state; beef cattle production in these areas relies on crossbred and pure European breeds and is almost always integrated with crop production. To the south of the state, the land ownership pattern is smaller and divided into subsistence farms as well as some that specialize in dairy production (FAEP, 2010) .
The cattle herd in the state of Paraná comprises approximately 9.5 million animals raised on 215,392 rural farms (PARANÁ, 2012) . Dairy farming includes small scale herds with specialized breeds, which depend on family labour. Among beef herds, zebu cattle predominates, particularly the Nelore breed, which are bred in extensive systems with complete production cycles carried out on larger farms. Smaller farms generally focus on the fattening phases and beef or dairy production (FAEP, 2010 ).
Tuberculosis has a major impact on dairy farming and the potential for zoonotic transmission poses a risk to public health (MAPA, 2006) . In 2001, the Ministry of Agriculture, Livestock and Supply of Brazil (MAPA), instituted the National Program for the Control and Eradication of Brucellosis and Animal Tuberculosis (PNCEBT). Because of the scarcity of epidemiological information, since the majority of the studies on the prevalence of bovine tuberculosis in Brazil cover small administrative units, such as state regions or municipalities (LAENDER, 1978; CASTRO, 1979; ALFINITO; OLIVEIRA, 1986; LILENBAUM et al., 1998; BELCHIOR et al., 2016; RIBEIRO et al., 2016; POLETTO et al., 2004; BRASIL, 2006; OLIVEIRA et al., 2007) , MAPA has encouraged state veterinary administrations to perform state-wide studies to characterize the epidemiological status of bovine tuberculosis.
Studies conducted in 12 Federative Units revealed that herd prevalence of bovine tuberculosis varied between 0.36% in the Federal District, and 9.0% in São Paulo (BAHIENSE et al., 2016; BARBIERI et al., 2016; DIAS et al., 2016; GALVIS et al., 2016; GUEDES et al., 2016; LIMA et al., 2016; NÉSPOLI et al., 2016; QUEIROZ et al., 2016; RIBEIRO et al., 2016; ROCHA et al., 2016; BAUMGARTEN et al., 2016; VENDRAME et al., 2016) .
In this context, the present study aimed to (1) estimate the prevalence of tuberculosis in cattle herds and adult bovine females, and (2) identify characteristics of the production systems and animal husbandry that may be associated with increased risk of bovine tuberculosis in the state of Paraná. The study was a cross-sectional random survey. The state of Paraná was divided in seven geographic areas (Figure 1 ), also called productive regions, based on differences in climate, production systems, herd structure size, and types of livestock production. The sample size of herds for each productive region was based on an estimated expected herd prevalence of 5%, from values reported by Belchior et al. (2016) in Minas Gerais, with a 95% confidence level and an absolute error (d) of 3% (THRUSFIELD, 2007) . These parameters give a sample size 203 herds in each region. For regions where it was not possible to achieve this number of samples, at least 150 herds were sampled to ensure that the absolute error would not exceed 3.5%, with a confidence level of 95%. The distribution of sampling units within each region was performed in two stages (SALMAN, 2003) . In the first stage, farms or primary sampling units were randomly selected. In the second stage, breeding bovine or buffalo over 24 months of age were selected by systematic random sampling. In this subpopulation, females within 15 days of birth or abortion were excluded from the study in order to avoid animals that may be unresponsive to the test, as recommended by the PNCEBT (BRASIL, 2006) .
Material and Methods
In each selected herd, the number of animals tested aimed at achieving a 90% sensitivity and specificity at the herd level. The number of animals sampled depended on the number of eligible cattle in the herd. The cut-off point of number of positive animals required to classify the herd as positive was simulated (MARTIN et al., 1992; DONALD et al., 1994; SALMAN, 2003) using Epi Tools -HerdPlus software. Simulations were conducted for different herd sizes to obtain the sample size and cut-off points, as shown in Table 1 . Table 1 . Number of adult females, number of animals to be sampled, and minimum number of positive animals required to classify a herd as positive.
Number of cows ≥ 24 m.
Number of cows to be tested Cut-off point (No of positive animals) 1 to 99 20 1 100 or more 40 2
The intradermal comparative cervical tuberculin test (CCT) was used, assuming a sensitivity and specificity of 80% and 99.5%, respectively, in accordance with Lôbo (2008) . Animals classified as inconclusive based on test findings were retested after 60 days. Those with repeated inconclusive results were reclassified as positive. The interpretation of the CCT followed PNCEBT standards (BRASIL, 2006) .
During the first visit to each herd, the study objectives were explained to the producer, who signed a commitment authorizing the disposal (by culling or destruction on site) of all positive animals. The producer was compensated for the slaughtered animals. The randomly selected cattle were individually identified, trichotomized in the middle third of the left cervical region at the sites of the CCT application, and inoculated as recommended by the PNCEBT (BRASIL, 2006) . After 72±6 hours, the test readout and interpretation were performed.
A questionnaire was applied to collect data for the investigation of risk factors. The questions were related to the productive characteristics of the sampled herds, general production practices, and health management, as well as some aspects of public health interest, as described below: a) Type of production-categories: "beef cattle," "dairy cattle," or "dual-purpose herds." Beef herds were classified according to the main production purposes of breeding, rearing, and fattening; both full and partial production cycles were considered. The main goal was fattening and slaughter of animals for meat production. In these properties, the presence of dairy cattle for on-farm milk consumption did not prevent the herd from being characterized as beef type.
Herds classified as dairy cattle were those whose main activities were milk production, regardless of the destination of the milk produced-consumption, sale, or processing. In the dual-purpose category, the herds included were dedicated to both meat production, in full or partial cycle of breeding, rearing, and fattening, and to dairy activity. In this category, the beef cattle and dairy cattle shared environments and facilities.
In herds classified as dairy or dual-purpose, the number of milkings performed each day was recorded as "no milking," "one milking per day," or "two milkings per day." The method of milking was recorded as "manual milking," "mechanical milking with bucket," or "mechanical milking in parlor." b) Farming type-categories: "confined," "semiconfined," or "extensive." The herds under the category "confined" were those in which the animals were raised and fed in a systematic and controlled manner, and in limited and small spaces. "Semiconfined" indicated that the herds were raised on pastures, and were provided with supplemental feeding throughout or for part of the year. In herds of the "extensive" category, the animals were raised exclusively on pastures, and were optionally provided with protein concentrate and/or mineral salt. c) Herd size-Population of cattle on the properties were categorized as: "castrated males," "males between 0 and 6 months," "males between 6 and 12 months," "males between 12 and 24 months," "males over 24 months," "females between 0 and 6 months," "females between 6 and 12 months," "females between 12 and 24 months," and "females over 24 months." d) Existence of other domestic species on the property-options: "equine," "swine," and "poultry." e) Existence of free-living wild species on the property-options: "cervids," "capybaras," "marsupials," "wild felines," and "wild primates." f) Dichotomous variables-options "yes" or "no": "TB test required before purchasing animals," "pasture rental at any time of the year," "common pastures with other properties," "acquisition of females or males for reproduction," "sale of females or males for reproduction," "sharing of water sources or troughs with other properties," "sharing inputs with other properties," "sharing equipment with other properties," "sharing of employees with other properties" and "existence of flooded areas in the property". Estimates of the herd-level and animal-level prevalence were performed using STATA® software version 12. As a simple random sample of herds was performed within each region, the estimated herd prevalence was based on the ratio between herds classified as positive in the sample and the total sampled herds in the region. To estimate herd prevalence at the state level, it was necessary to consider that the sampling was not proportional to the number of herds in each region; therefore, samples from each region had different weights in the calculation of state prevalence.
According to Dohoo et al. (2010) , the most common method of obtaining sample weights is to use the inverse of the sample selection probability. The results reflect the number of individuals in the population that each individual in the sample represents. Thus, for the calculation of herd prevalence at the state level, a weighting with the weight P 1 was applied to each sampled herd/ property in each region:
Number of cattle herds with reproductive activity in the region Number of sampled cattle herds with reproductive activity in the region
To estimate the prevalence of TB in cows aged 24 months or older, the cluster sampling conducted in two stages was considered. The clusters were the herds within which cows aged 24 months or older were sampled. Thus, to calculate the state prevalence of these animals, a weighting was performed with P 2 considered as the weight of each cow aged 24 months or older sampled in relation to its herd and to the respective region:
cows ≥ 24 months in the herd X cows ≥ 24 months sampled in the herd cows ≥ 24 months in the region cows ≥ 24 months sampled in the region
The prevalence calculations were performed using STATA® software, version 12 (module:
Statistics → Summaries, tables, and tests → Proportion). The prevalence in adult cows considered a multistage sampling ([aba] : SE/Cluster → Survey data estimation → Survey settings → Number of stages → 2: first stage, properties, second stage, cows aged 24 months or older). The confidence intervals (CIs) of the herd prevalence in each region were obtained using the Exact Binomial Distribution (module: Statistics → Summaries, tables, and tests → Confidence Intervals).
The putative risk factors were identified using the Chi-square univariable analysis (PETRIE; WATSON, 2009). Variables with p-value ≤ 0.20 were selected for the multiple logistic regression model using the hierarchical backward elimination procedure. The final model included only those variables with p ≤0.05. The variable "stratum/ region" was included in the logistic model as a control variable in order to analyze the association of possible risk factors with the presence of tuberculosis, regardless of the region in which the herds were located. STATA MP 12® software was used for these calculations.
To evaluate the discriminatory performance of the variables included in the final logistic model, the receiver operating characteristic (ROC) curve was calculated to assess the predictive capacity of the model. The specific function of STATA MP 12® was used for this calculation. Figure 2 shows the distribution of sampled herds throughout Paraná. The responses to the questionnaire completed during the farm visits indicated that Paraná was primarily characterized by small cattle herds dedicated to extensive grazing dairy farming (41.1%) or mixed, dual-purpose, livestock production (42.2%). Only 21.7% of the herds had some degree of confinement, and 16.7% were classified as beef cattle. Only 25% of the farms possessed more than 22 animals of at least 24 months of age. Rented pastures or shared areas between neighboring farms were not very common, reported in only 10% of the sampled farms. The dairy farms sampled can be characterized as intensive for Brazilian standards. Approximately 50% of the dairy farms held pure European breeds. More than 60% of the farms milked more than once per day, 40.7% had mechanical milking, and 65% refrigerated the milk; of these, 86.4% cooled milk in their own tanks. The frequency of the use of artificial insemination in these farms (40%) was greater than in the rest of the herds (around 15%). The average milk production was 133.6 L/day (standard deviation = 504.16), and 75% of the farms produced up to 125 L/day, with up to 14 lactating cows.
Results

Sample profile
Analysis of the health prevention practices revealed that only 23% of the farms reported performing diagnostic tests for bovine tuberculosis. In more than 40% of these farms, the tests were performed when cattle were purchased or when required for movement or other purposes, such as auctions. Veterinary assistance was present in 34% of farms and care was provided by veterinarians from cooperatives in 23% of cases.
As for trade and animal consumption and sale of by-products, approximately 44% of the farms from Paraná reported buying animals, but only 23% of these required health certificates and diagnostic tests for tuberculosis at the time of purchase. Animals were slaughtered at the end of their reproductive lives in approximately 72% of the farms, but in just above 50% of these cases, animals were destined to slaughter plants with veterinary inspection; the other farms reported slaughtering animals on the premises (32%) or in unregistered slaughterhouses (18%).
The production of milk derivatives, such as milk and butter, was for internal consumption in 90% of farms, without undergoing any kind of official health control. The habit of drinking raw milk was observed in 15% of the farms. The delivery of milk in bulk was a routine practice in 40% of the State farms.
Prevalence of herds and animals
A total of 1,419 herds and 16,045 animals were sampled; of these animals, 220 were submitted for retesting following inconclusive results in the first test. Among the retested animals, 13 were classified as positive in accordance with the PNCEBT recommendations (BRASIL, 2006) . Tables 2 and 3 The comparison of estimated frequencies per region revealed that the northwest, center-westnorth, and center-south regions had higher mean herd prevalence than those of the other regions. However, it was not possible to conclude with 95% of confidence that the estimated prevalence differed significantly between the seven regions. Only the west region showed no positive animals, which suggests the presence of residual disease levels in this part of the state.
The sample included 1,217 farms with herds having up to 99 animals aged above 24 months, as well as 202 farms with herds containing 100 or more animals in this age category. Following the criteria for classifying a herd as positive, presented in Table 1 , only one herd with more than 99 animals aged 24 months or more was classified as negative, despite having one single animal that tested positive. Table 4 presents the results of the univariable analysis, showing only the variables with epidemiological importance for the study or those with p-values below 0.2 in the chi-square test. Some qualitative variables were re-grouped. Disease prevalence was higher in dairy breeding operations (3.27%) compared to mixed (1.69%) or beef breeding (1.26%) farms. Mechanical milking was associated with a higher prevalence of bovine tuberculosis, regardless of its use in a portable device or a milking parlour.
Univariable analysis
The cut-off point used to categorize the variable "number of cows aged over 24 months" was the value of the third quartile -22 bovine females over 24 months of age. The frequencies of farms affected by bovine tuberculosis in the three first quartiles were equivalent; all were very small farms with similar productive practices. Larger farms had higher risk of being positive; this category was heterogeneous and contained herds that ranged from 23 to 950 adult animals, but we did not further split it in order to avoid losing analytical power given the small number of positive herds. 
Multiple logistic regression
Variables with p-value ≤ 0.20 in the univariable analysis were selected for the multiple logistic regression model. This followed a hierarchical backward elimination procedure and the final reduced model only included variables with p < 0.05. Table 5 shows that herds with more than 22 cows over 24 months of age (25% of the total sampled farms) had an odds of approximately 2.4 compared to smaller herds. The odds ratio was 5.18 for herds with mechanical milking, compared to farms that did not milk or whose herds were milked manually. The discriminatory performance of variables in the final logistic model was measured by receiver operating characteristic (ROC) curve analysis, as shown in Figure 3 . The area under the ROC curve indicates the ability of the model to predict the proportion of positive and negative herds. The obtained value of 0.743 suggests a good discrimination between positive and negative herds, which should ideally fall between 0.8 and 0.9 (KLEINBAUM; KLEIN, 2010). RIBEIRO et al., 2016; ROCHA et al., 2016; BAUMGARTEN et al., 2016; VENDRAME et al., 2016) .
The estimated prevalence revealed that the northwest, central-west-north, and center-south regions had higher prevalence of farms compared to the other regions. However, it was not possible to state with 95% of confidence that the estimated prevalence in the seven regions differed significantly. Only the west region had no positive animals, which may suggest residual disease in this part of the state.
Intensive dairy farms, where mechanical milking is practiced, had a higher chance of being positive for bovine tuberculosis. Lilenbaum et al. (1998) , Belchior et al. (2016) and Brasil (2006) also reported higher risk for dairy herds, as the intensiveness of production and confinement may contribute to the maintenance of the disease (PEREZ et al., 2002) . In this study, approximately 80% of the milk producers that used mechanical milking systems supplied milk directly to dairy industries and more than 85% milked animals at least twice per day. Farms that performed manual milking accounted for approximately 30% of the cases. This result is of strategic importance for the PNCEBT.
The type of intensive or semi-confined breeding mentioned as a risk factor by Humblet et al. (2009), and Reilly and Courtney (2007) was not associated with an increased likelihood of bovine tuberculosis infection in the current study (p = 0.416). This can be explained by the fact that the majority (79%) of the farms sampled were classified as extensive, which makes this variable less able to discriminate between the types of production and management associated with the presence of tuberculosis in the state of Paraná. However, the practice of mechanical milking is an indirect indicator of intensive and mechanized dairy farming, which confirms the observations of the above-mentioned authors.
XX: 1-Specificity; YY Sensitivity Area under the ROC curve = 0.7429
Discussion
The prevalence of herds with bovine tuberculosis in the state of Paraná was 2.25% [95% CI: 1.31% -3.00%], which is below what has been found in Minas Gerais, Espírito Santo, and São Paulo, close to prevalence estimates reported in Bahia, Pernambuco, Rondônia, Mato Grosso do Sul, Mato Grosso, Goiás, Federal District, and Rio Grande do Sul, but higher than herd prevalence in Santa Catarina (BAHIENSE et al., 2016; BARBIERI et al., 2016; DIAS et al., 2016; GALVIS et al., 2016; GUEDES et al., 2016; LIMA et al., 2016; NÉSPOLI et al., 2016; QUEIROZ et The analytical model revealed that larger farms with more than 22 adult animals (the third quartile of adult herd size) had higher risk of infection by Mycobacterium bovis. The number of animals appears to be small, but reflects the demographic structure of the Paraná herd. Larger herds were also identified as a risk factor by Oliveira et al. (2008) in a retrospective study conducted in Rio de Janeiro, with data from 1959 to 1989, as well as by BrooksPollock and Kelling (2009) .
It is important to emphasize that the risk variables identified in this study are not necessarily causal factors but are rather productive characteristics that better and more objectively reflect production systems and intensive management. These situations provide increased opportunity for contact between infected and susceptible animals, thus increasing the risk of disease transmission (HUMBLET et al., 2009; BELCHIOR et al., 2016; ELIAS et al., 2008; PEREZ et al., 2002) .
Although the prevalence is low in smaller farms and those with low incorporation of production technology, current practices that pose a risk to public health, such as the consumption of unpasteurized milk and its by-products and the slaughter of culled animals in places without sanitary controls, require that this segment of the farming community be also included in sanitary education programs.
Conclusions
The prevalence of bovine tuberculosis is low in Paraná, albeit with a heterogeneous epidemiological situation throughout the state. The combination of low prevalence with risk factors associated to larger herds and more intensive dairy farming, renders the state of Paraná a good candidate for the implementation of industry-based freeherd accreditation schemes and makes a case for planning risk-based surveillance targeted at major dairy basins.
